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(57) ABSTRACT 

A method for controlling a printhead for printing and 
maintaining a desired operating temperature of the printhead 
during the printing, the printhead having a plurality of ink 
ejectors and a plurality of addresses employed for ejecting 
ink from the plurality of ink ejectors, Wherein each address 
of the plurality of addresses corresponds to a particular 
subset of the plurality of ink ejectors, includes con?guring 
a binary intensity Word for applying non-nucleating heating 
to selected ink ejectors of the plurality of ink ejectors of the 
printhead; repeatedly sequentially cycling through the plu 
rality of addresses for the printing With the printhead; and 
repeatedly applying the binary intensity Word While per 
forming the repeated sequentially cycling through the plu 
rality of addresses 
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METHOD FOR CONTROLLING A PRINTHEAD 

CROSS REFERENCES TO RELATED 
APPLICATIONS 

[0001] None. 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH OR DEVELOPMENT 

[0002] None. 

REFERENCE TO SEQUENTIAL LISTING, ETC. 

[0003] None. 

BACKGROUND 

[0004] 1. Field of the Invention 

[0005] The present invention relates generally to an imag 
ing apparatus, and more particularly to a method for con 
trolling a printhead for printing and maintaining a desired 
operating temperature of the printhead during printing. 

[0006] 2. Description of the Related Art 

[0007] In today’s thermal inkjet industry, achieving a 
desired printhead operating temperature before printing 
(pre-heat) is desirable in order to achieve acceptable print 
quality. The desired printhead operating temperature must 
then be maintained. The temperature may be maintained by 
using What is knoWn as a substrate heater or by using the ink 
ejecting heaters to heat the chip by applying an electrical 
pulse Which is not capable of ejecting ink, but is suf?cient to 
heat the substrate at an acceptable rate to achieve operating 
temperature Within an acceptable amount of time, referred to 
as non-nucleating heating (NNH). NNH heating is a ben 
e?cial method of heating for tWo main reasons: it does not 
require the additional silicon real estate that substrate heaters 
do, and it heats the silicon directly at the area of interest, the 
ink ?ring chamber (ink ejector). 

[0008] HoWever, a problem With using NNH heating to 
pre-heat the printhead is that the life of the heaters in the ink 
ejectors may be reduced, due to additional use and activity 
that a substrate heater Would otherWise endure. 

SUMMARY OF THE INVENTION 

[0009] The invention, in one exemplary embodiment, 
relates to a method for controlling a printhead for printing 
and maintaining a desired operating temperature of the 
printhead during the printing, the printhead having a plural 
ity of ink ejectors and a plurality of addresses employed for 
ejecting ink from the plurality of ink ejectors, Wherein each 
address of the plurality of addresses corresponds to a par 
ticular subset of the plurality of ink ejectors. The method 
includes con?guring a binary intensity Word for applying 
non-nucleating heating to selected ink ejectors of the plu 
rality of ink ejectors of the printhead; repeatedly sequen 
tially cycling through the plurality of addresses for the 
printing With the printhead; and repeatedly applying the 
binary intensity Word While performing the repeated sequen 
tially cycling through the plurality of addresses. 

[0010] The invention, in another exemplary embodiment, 
relates to an imaging apparatus. The imaging apparatus 
includes a print engine, a printhead communicatively 
coupled to the print engine, the printhead having a plurality 
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of ink ejectors; and a controller communicatively coupled to 
the print engine, the controller being con?gured to execute 
instructions for printing using the printhead While maintain 
ing a desired operating temperature of the printhead. The 
instructions include con?guring the binary intensity Word 
for applying non-nucleating heating to selected ink ejectors 
of the plurality of ink ejectors of the printhead; repeatedly 
sequentially cycling through the plurality of addresses for 
the printing With the printhead; and repeatedly applying the 
binary intensity Word While performing the repeated sequen 
tially cycling through the plurality of addresses. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] The above-mentioned and other features and 
advantages of this invention, and the manner of attaining 
them, Will become more apparent and the invention Will be 
better understood by reference to the folloWing description 
of embodiments of the invention taken in conjunction With 
the accompanying draWings, Wherein: 

[0012] FIG. 1 is a diagrammatic depiction of a system 
embodying the present invention. 

[0013] FIG. 2 is an exemplary depiction of the printhead 
of FIG. 1, With the printhead being projected over a sheet of 
print media. 

[0014] FIG. 3 depicts a binary intensity Word being 
applied in parallel to an address cycle. 

[0015] FIG. 4 depicts a binary intensity Word being 
applied in parallel to an address cycle in accordance With an 
embodiment of the present invention. 

[0016] FIGS. 5A and 5B are a ?owchart depicting a 
method for controlling a printhead in accordance With the 
present invention. 

[0017] FIG. 6 depicts a non-nucleating density table in 
accordance With an embodiment of the present invention. 

[0018] FIG. 7 depicts a non-nucleating density table in 
accordance With another embodiment of the present inven 
tion. 

DETAILED DESCRIPTION 

[0019] It is to be understood that the invention is not 
limited in its application to the details of construction and 
the arrangement of components set forth in the folloWing 
description or illustrated in the draWings. The invention is 
capable of other embodiments and of being practiced or of 
being carried out in various Ways. Also, it is to be understood 
that the phraseology and terminology used herein is for the 
purpose of description and should not be regarded as lim 
iting. The use of “including,”“comprising,” or “having” and 
variations thereof herein is meant to encompass the items 
listed thereafter and equivalents thereof as Well as additional 
items. Unless limited otherWise, the terms “connected, 
”“coupled,” and “mounted,” and variations thereof herein 
are used broadly and encompass direct and indirect connec 
tions, couplings, and mountings. In addition, the terms 
“connected” and “coupled” and variations thereof are not 
restricted to physical or mechanical connections or cou 
plings. 
[0020] In addition, it should be understood that embodi 
ments of the invention include both hardWare and electronic 
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components or modules that, for purposes of discussion, 
may be illustrated and described as if the majority of the 
components Were implemented solely in hardWare. HoW 
ever, one of ordinary skill in the art, and based on a reading 
of this detailed description, Would recognize that, in at least 
one embodiment, the electronic based aspects of the inven 
tion may be implemented in softWare. As such, it should be 
noted that a plurality of hardWare and softWare-based 
devices, as Well as a plurality of different structural com 
ponents may be utiliZed to implement the invention. Fur 
thermore, and as described in subsequent paragraphs, the 
speci?c mechanical con?gurations illustrated in the draW 
ings are intended to exemplify embodiments of the invention 
and that other alternative mechanical con?gurations are 
possible. 
[0021] Referring to FIG. 1, there is shoWn a diagrammatic 
depiction of an imaging system 10 embodying the present 
invention. Imaging system 10 may include a computer 12 
and an ink jet apparatus 14. Ink jet apparatus 14 communi 
cates With computer 12 via a communications link 16. 
Communications link 16 may be established by a direct 
cable connection, Wireless connection or by a netWork 
connection such as for example an Ethernet local area 

netWork (LAN). 

[0022] Alternatively, ink jet apparatus 14 may be a stan 
dalone unit that is not communicatively linked to a host, 
such as computer 12. For example, ink jet apparatus 14 may 
take the form of an all-in-one, i.e., multifunction, machine 
that includes standalone copying and facsimile capabilities, 
in addition to optionally serving as a printer When attached 
to a host, such as computer 12. 

[0023] Computer 12 may be, for example, a personal 
computer including an input/output (I/O) device 18, such as 
keyboard and display monitor. Computer 12 further includes 
a processor, input/output (I/O) interfaces, memory, such as 
RAM, ROM, NVRAM, and a mass data storage device, such 
as a hard drive, CD-ROM and/or DVD units. During opera 
tion, computer 12 includes in its memory a softWare pro 
gram including program instructions that function as an 
imaging driver 20, e.g., printer driver softWare, for ink jet 
apparatus 14. Although residing in computer 12, imaging 
driver 20 is considered herein to be a part of inkj et apparatus 
14. 

[0024] In the example of FIG. 1, inkjet apparatus 14 also 
includes a controller 22, a print engine 24 and a user 
interface 26. 

[0025] Imaging driver 20 of computer 12 is in communi 
cation With controller 22 of inkjet apparatus 14 via commu 
nications link 16. Imaging driver 20 facilitates communica 
tion betWeen ink jet apparatus 14 and computer 12, and may 
provide formatted print data to ink jet apparatus 14, and 
more particularly, to print engine 24. Alternatively, hoWever, 
all or a portion of imaging driver 20 may be located in 
controller 22 of ink jet apparatus 14. For example, Where ink 
jet apparatus 14 is a multifunction machine having standa 
lone capabilities, controller 22 of ink jet apparatus 14 may 
include an imaging driver con?gured to support a copying 
function, and/or a fax-print function, and may be further 
con?gured to support a printer function. In the present 
embodiment, the imaging driver facilitates communication 
of formatted print data, as determined by a selected print 
mode, to print engine 24. 
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[0026] Controller 22 includes a processor unit and asso 
ciated memory, and may be formed as an Application 
Speci?c Integrated Circuit (ASIC). Controller 22 commu 
nicates With print engine 24 via a communications link 25. 
Controller 22 communicates With user interface 26 via a 
communications link 27. Communications links 25 and 27 
may be established, for example, by using standard electrical 
cabling or bus structures, or by Wireless connection. 

[0027] Print engine 24 may be, for example, an ink jet 
print engine con?gured for forming an image on a sheet of 
print media 28, such as a sheet of paper, transparency or 
fabric. 

[0028] Print engine 24 may include, for example, a recip 
rocating printhead carrier 30, and at least one ink jet 
printhead 32 having one or more of a printhead temperature 
sensor 34, for example, printhead temperature sensors 34A, 
34B, and 34C. Associated With printhead 32 is a poWer 
supply 35 for supplying electrical signals to printhead 32 for 
printhead Warming, and for ink ejection during printing 
operations. PoWer supply 35 is depicted in FIG. 1 as being 
adjacent to the cartridge associated With printhead 32 for 
purposes of illustration, and may be located at any conve 
nient location, provided that poWer supply 35 is communi 
catively coupled to printhead 32. 

[0029] Printhead carrier 30 transports ink jet printhead 32 
and printhead temperature sensor 34 in a reciprocating 
manner in a bi-directional main scan direction 36 over an 

image surface of sheet of print media 28 during printing 
and/or sensing operations. 

[0030] Printhead carrier 30 may be mechanically and 
electrically con?gured to mount, carry and facilitate one or 
more printhead cartridges 38, such as a monochrome print 
head cartridge and/or one or more color printhead cartridges. 
Each printhead cartridge 38 may include, for example, an 
ink reservoir containing a supply of ink, to Which at least one 
respective printhead 32 is attached. In order for print data 
from computer 12 to be properly printed by print engine 24, 
the RBG data generated by computer 12 is converted into 
data compatible With print engine 24 and printhead(s) 32. 

[0031] Referring noW to FIG. 2, in the present embodi 
ment, a single printhead, such as printhead 32, includes a 
plurality of ink ejectors and a plurality of addresses 
employed for ejecting ink from the ink ejectors, Wherein 
each address corresponds to a particular subset of the 
plurality of ink ejectors. Printhead 32 also includes multiple 
regions, each region having an ink jetting array, With each 
array associated With one color of a plurality of colors of ink, 
for example, regions 32A, 32B, and 32C corresponding to 
cyan, yelloW, and magenta inks, respectively. Alternatively, 
it is contemplated that each array may also be associated 
With one type of ink of a plurality of types of inks. In another 
embodiment, printhead carrier 30 may be con?gured to 
carry multiple printheads, Wherein each printhead pertains to 
a different color, saturation, and/or ink type, Wherein each 
color, saturation, and/or ink type may constitute a region. 
For example, in a system using cyan, magenta, yelloW and 
black inks, printhead carrier 30 may carry four printheads, 
such as printhead 32, With each printhead carrying an ink 
ejector array dedicated to a speci?c color of ink, e.g., cyan, 
magenta, yelloW and black. 

[0032] It Will be understood that the regions of printhead 
32, e.g., regions 32A, 32B, and 32C or other designated 
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regions, are not limited to an associated ink color or ink type, 
but rather, may be any regions of printhead 32 for Which 
independent temperature control is desired. 

[0033] In the present embodiment, printhead temperature 
sensors 34A, 34B, and 34C measure the temperature of 
regions 32A, 32B, and 32C, respectively. Temperature data 
from printhead temperature sensors 34A, 34B, and 34C is 
employed in accordance With the present invention to inde 
pendently control and maintain the temperature of regions 
32A, 32B, and 32C, respectively, of printhead 32. 

[0034] An exemplary con?guration of printhead 32 
includes a cyan noZZle plate 40 corresponding to a cyan ink 
ejector array 42, a yelloW noZZle plate 44 corresponding to 
a yelloW ink ejector array 46, and a magenta noZZle plate 48 
corresponding to a magenta ink ejector array 50, for respec 
tively ejecting cyan (C) ink, yelloW (Y) ink, and magenta 
(M) ink. In the present embodiment, cyan ink ejector array 
42, yelloW ink ejector array 46, and magenta ink ejector 
array 50 correspond to regions 32A, 32C, and 32B, respec 
tively. 

[0035] Printhead 32 may include a printhead memory 52 
for storing information relating to printhead 32 and/or ink jet 
apparatus 14. For example, memory 52 may be formed 
integral With printhead 32, or may be attached to printhead 
cartridge 38. 

[0036] As further illustrated in FIG. 2, printhead carrier 30 
is controlled by controller 22 to move printhead 32 in a 
reciprocating manner in main scan direction 36, With each 
left to right, or right to left movement of printhead carrier 30 
along main scan direction 36 over the sheet of print media 
28 being referred to herein as a pass. The area traced by 
printhead 32 over sheet of print media 28 for a given pass 
Will be referred to herein as a sWath, such as for example, 
sWath 54 as shoWn in FIG. 2. The sheet of print media 28 
may be advanced betWeen passes in a media feed direction 
56. 

[0037] In the exemplary ink ejector con?guration for ink 
jet printhead 32 shoWn in FIG. 2, each of ink ejector arrays 
42, 46, and 50 include a plurality of ink ejectors 58, With 
each ink ejector 58 having a noZZle 59, and having at least 
one corresponding jetting heater 60. 

[0038] A sWath height 62 of sWath 54 corresponds to the 
distance betWeen the uppermost and loWermost of the 
noZZles Within an array of noZZles of printhead 32. For 
example, in magenta ink ejector array 50, noZZle 59-1 is the 
uppermost noZZle and noZZle 59-n is the loWermost noZZle. 
In the example of FIG. 2, the sWath height 62 is the same for 
each of ink ejector arrays 42, 46 and 50; hoWever, this need 
not be the case, i.e., it is possible that the sWath heights of 
ink ejector arrays 42, 46 and 50 may be different, either by 
design or due to manufacturing tolerances. 

[0039] Controller 22 provides temperature control for 
printhead 32 by applying non-nucleating heating (NNH) to 
selected ink ej ectors 58 to maintain printhead 32 at a desired 
operating temperature. The NNH heating is applied via 
current ?oW through jetting heaters 60 corresponding to the 
respective selected ink ejectors 58. Ideally, each non-nucle 
ating heating pulse is of duration that a vapor bubble is not 
formed in the liquid ink, and accordingly, no drop of ink is 
ejected from the corresponding ink ejector 58. Rather than 
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ejecting ink, the intent of the NNH heating in accordance 
With the present invention is to maintain a desired bulk 
printhead temperature. 

[0040] HoWever, it is desirable to apply the NNH heating 
pulses in such a Way as to maximiZe printhead life (minimize 
individual heater stress). Accordingly, the present invention 
provides a method for balancing the application of NNH 
heating energy across printhead 32 by applying the pulses in 
a uniform fashion over the entirety of printhead 32, thus 
spreading the NNH heating load over all ink jetting heaters 
58 of printhead 32. 

[0041] In order to use NNH to control the temperature of 
printhead 32, it is desirable to be able to modulate the 
intensity of the applied heat With some granularity. This 
alloWs for closed loop control of the temperature of the head, 
given that temperature sensors 34A, 34B, and 34C may be 
used for sensing the temperature of the regions 32A, 32B, 
and 32C, respectively, of the silicon being heated by the 
applied NNH. The intensity may be modulated in different 
Ways. One Way is to modulate the application of pulses 
applied to the head With a Pulse Width Modulated (PWM) 
signal having duty cycle can be varied from 0 to 100 percent. 
The problem With this approach is that during the “ON” 
cycle of the PWM signal, the PH is being heated at its most 
intense rate. This may be problematic from the standpoint of 
the temperature oscillating Wildly at the heat source. 

[0042] To avoid this problem, the method of modulating 
the intensity of the applied heat in accordance With the 
present invention includes the use of a con?gurable “NNH 
Intensity” digital Word, referred to herein as a binary inten 
sity Word (BIW), Wherein each bit in the Word is associated 
With an address of printhead 32. As set forth beloW, the 
binary intensity Word is con?gured by changing its numeric 
representation, e.g., the number of bits forming the binary 
intensity Word, as Well as the number of bits that are set to 
be active for asserting NNH heating. In the present embodi 
ment, printhead is arranged such that only one subset of the 
ink ejectors may be addressed during one instance of time, 
although the present invention is not so limited. Each of 
these subsets of ink ejectors is referred to as an address. For 
example, the printhead 32 has 10 distinct addresses corre 
sponding thereto. During a printing operation, controller 22 
cycles through a series of N addresses, Wherein N=E/S, and 
Wherein N is the total number of address for printhead 32 
(Which is 10 in the present embodiment), E is the total 
number of ink ejectors 58 in printhead 32, and S is a number 
of subgroups of ink ejectors 58, each subgroup being those 
ink ejectors 58 that are ?red during the application of a 
particular address. 

[0043] The con?gurable binary intensity Word (BIW) in 
accordance With the present invention is formed of a plu 
rality of assertable bits that is applied to printhead 32 in 
parallel With the application of the addresses that govern the 
?ring of ink ejectors 58 for printing. Thus, While sequen 
tially cycling through each address, the BIW is repeatedly 
cycled in a manner similar to the cycling of addresses. 
Assertable bits, as used herein, pertains to bits forming the 
BIW that may be selectively turned on or off (active or 
inactive, respectively), Wherein in the “on” state, the bit 
activates the jetting heaters of selected ink ejectors 58. Thus, 
if all the assertable bits in the binary intensity Word are 
active (ON or 1), the heat intensity Would be 100%. Con 
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versely, if all bits are inactive (OFF or 0), then the heat 
intensity Would be 0%. If any other number of bits in the 
intensity Word are active, then the heat intensity Would be 
given by the number of active bits divided by the total 
number of bits. Although in the present embodiment the 
active bits have a value of 1, it Will be understood that the 
active bits may employ the converse value, i.e., 0, Without 
departing from the scope of the present invention. 

[0044] Referring noW to FIG. 3, a potential a binary 
intensity Word, BIW 64 is depicted along With address cycle 
66 that is sequentially repeated during a printing operation, 
While BIW 64 is repeatedly applied to printhead 32. 
Although only three address cycles 66 are depicted, i.e., 
address cycle 66A, address cycle 66B, address cycle 66C, 
such depiction is for illustrative purposes; it Will be under 
stood that address cycle 66 is repeated as required in order 
to complete the print job. Similarly, the application of the 
binary intensity Word is repeated during the printing opera 
tions until the print job is completed. 

[0045] In the depiction of FIG. 3, there is a plurality of 
addresses 68, With ten addresses 68 forming address cycle 
66, Which are numbered 1 through 10, and there are ten 
assertable bits 70 forming BIW 64, Wherein bits selected to 
be asserted for providing NNH heating are those having a 
logical value of true, e.g., a logical one, or “on,” Whereas the 
bits having a value of Zero are not asserted. The bits are 
asserted for the adjacent addresses, i.e., the corresponding 
address 68 depicted in FIG. 3 as being located above the bit 
to be asserted. For example, in FIG. 3, the BIW is 
1000010000, Wherein bits 70A and 70B are a logical one 
(ON), and thus, in the ?rst address cycle, e.g., address cycle 
66A, bits 70A and 70B, Which are the active bits, activate 
NNH heating for addresses 68A and 68B. 

[0046] It is seen from the depiction of FIG. 3 that in each 
ofaddress cycle, e.g., address cycles 66A, 66B, and 66C, the 
same addresses 68A and 68B are activated by bits 70A and 
70B, respectively, Which results in an unbalanced heating 
operation. That is, addresses 68A and 68B, depicted as 
addresses 1 and 6, respectively, for this pattern Would be 
driven at 100 percent While all other addresses 68 are not 
driven at all. Because the same addresses, and hence the 
same corresponding ink ejectors 58, are repeatedly used for 
maintaining the desired printhead operating temperature, the 
life of those ink ejectors 58 Would be reduced relative to the 
ink ejectors 58 that are not used for NNH heating. In 
addition, the NNH heating is not uniformly applied to 
printhead 32, Which Would result in temperature variations 
across printhead 32, as Well as degraded print quality due to 
the corresponding temperature disparity betWeen the differ 
ent areas of the printhead that are warmed by the NNH 
heating. 

[0047] Choosing the total number of bits (assertable bits) 
for the binary intensity Word should be performed Wisely in 
order to provide balanced application of NNH heating. As 
seen in FIG. 3, if the length of the BIW, i.e., the number of 
assertable bits, is equal to the number of printhead 
addresses, the bits that are asserted Will be applied to the 
same addresses cycle after cycle after cycle of the printhead. 
This Would not be a balanced application of NNH. 

[0048] It is desirable from for both printhead life consid 
erations and print quality considerations that the NNH 
heating be applied uniformly throughout printhead 32, such 

Mar. 1, 2007 

that the NNH heating pulses are uniformly distributed 
among all of ink ejectors 58. Thus, the total number of 
assertable bits 70 should be chosen so as to provide balanced 
application of NNH. From FIG. 3, it is clear that the number 
of assertable bits, Which is the length of the BIW, is equal to 
the number of printhead addresses, and thus the bits that are 
asserted Will be applied to the same addresses cycle after 
cycle after cycle of the printhead, Which does not result in 
balanced application of NNH. 

[0049] To avoid such a problem, the present invention uses 
binary intensity Word lengths, i.e., number of assertable bits, 
other than the number of addresses associated With printhead 
32. Preferably, the number of asserted bits is one more or 
one less than the number of addresses associated With 
printhead 32. 

[0050] For example, referring noW to FIG. 4, BIW 72 is 
depicted along With address cycle 66, With BIW 72 being 
repeatedly applied to printhead 32 While cycling through the 
plurality of addresses, e.g., address cycle 66A, address cycle 
66B, address cycle 66C. BIW 72 includes a con?gurable 
plurality of assertable bits 74 for modulating the non 
nucleating heating from a minimum value, e.g., 0% NNH 
heating to a maximum value, e. g., 100% NNH heating. BIW 
72 includes a con?gurable length given by the number of 
assertable bits 74. 

[0051] In order to provide balanced NNH heating of 
printhead 32, BIW 72 is con?gured to apply NNH heating 
via a selected number of assertable bits 74 to one or more 
different addresses of plurality of addresses 68 for each 
successive cycling through plurality of addresses 68, i.e., 
each pass through address cycle 66. The selected number of 
assertable bits that are applied, e.g., are active, ranges from 
Zero to the total number of assertable bits forming BIW 72, 
depending upon measured temperature conditions of regions 
32A, 32B, and 32C. 

[0052] BIW 72 has a con?gurable length given by a 
con?gurable plurality of assertable bits 74 for modulating 
NNH heating from a minimum intensity value to a maxi 
mum intensity value. The heat intensity provided to print 
head 32 is given by the number of bits that are active divided 
by the total number of bits in BIW 72. As set forth above, 
if all the assertable bits in BIW are active (ON or 1), i.e., all 
bits are to be asserted for providing NNH heating, the heat 
intensity applied to printhead 32 Would be 100%, Whereas if 
all bits are inactive (OFF or 0), then the heat intensity Would 
be 0%. The length of BIW 72 is con?gured such that the 
number of assertable bits 74 forming BIW 72 is different 
than the number of addresses forming the plurality of 
addresses, i.e., the number of addresses in address cycle 66. 
Preferably, the number of assertable bits 74 forming BIW 72 
is different than the number of addresses forming plurality of 
addresses 68 by a value equal to one. In the embodiment 
depicted in FIG. 4, the length of BIW 72 is nine bits, i.e., 
nine assertable bits 74, yielding a BIW value of 100001000, 
Whereas the number of addresses 68 in address cycle 66 is 
ten. The NNH heating intensity given by the depicted BIW 
72, given by the number of active bits (the bits to be asserted 
for NNH heating) divided by the total number of assertable 
bits is 2/9, i.e., 22.2%. It Will be understood that in accor 
dance With the present invention, the NNH intensity applied 
via BIW 72 may change from one pass through address 
cycle 66 to the next, depending upon the amount of NNH 
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heating required to maintain the desired printhead operating 
temperature, as Well as the temperature of individual regions 
32A, 32B, and 32C of printhead 34. 

[0053] As seen from FIG. 4, addresses 68A, 68B, and 68C 
(addresses 1, 6, and 10, respectively, of the 10 addresses 
forming plurality of addresses 68) are energiZed for NNH 
heating on the ?rst address cycle 66, i.e., address cycle 66A 
due to the assertion of active bits 74A and 74B. HoWever, 
due to the selected length of BIW 72, on the second address 
cycle 66, i.e., address cycle 66B, the NNH heating is applied 
via assertable bits 74A and 74B to different addresses, e.g., 
addresses 68D and 68E (addresses 5 and 9 respectively, of 
the 10 addresses forming plurality of addresses 68). This 
progression continues, such that each address 68 is eventu 
ally activated for NNH heating by BIW 72 controller 22 
cycles through each address forming plurality of addresses 
68. 

[0054] For example, on the third address cycle 66, i.e., 
address cycle 66C, NNH heating is applied to addresses 68F 
and 68G (address Nos. 4 and 8 respectively, of the 10 
addresses forming plurality of addresses 68) via active bits 
74A and 74B, and on the fourth address cycle, NNH heating 
is applied to address Nos. 5 and 9 respectively, of the 10 
addresses forming plurality of addresses 68, and so on. Thus, 
the selected length of BIW 72 alloWs for a completely 
balanced application of the desired NNH heating intensity. 
Other lengths can be chosen in keeping With the present 
invention, hoWever in order to maintain balance certain rules 
may be applied. For example, such rules may include that 
the length of BIW 72 is not equal to the number of addresses, 
is not a factor of the number of addresses in plurality of 
addresses 68 forming address cycles 66, and is not divisible 
by the number of addresses in plurality of addresses 68 
forming address cycles 66, i.e., to yield an integer result. 

[0055] Referring noW to FIGS. 5A and 5B, a method for 
controlling printhead 32 for printing and maintaining a 
desired operating temperature of printhead 32 during print 
ing in accordance With the present invention, is depicted. 
Unless otherWise indicated, each step is performed by con 
troller 22 executing program instructions, for example, as 
part of imaging driver 20. 

[0056] At step S100, a user turns on ink jet apparatus 14, 
and controller 22 executes instructions to translate printhead 
carrier 30 With printhead 32 into a starting position in 
preparation for printing. 

[0057] At step S102, the user executes a print command to 
print a document, for example, using conventional Word or 
image processing softWare operating on computer 12. 

[0058] At step S104, printhead 32 is preheated to a desired 
operating temperature, and then a printing operation is 
initiated. In the present embodiment, the desired operating 
temperature of printhead 32 is 42° C. 

[0059] At S106, the preheat operation of step S104 is 
terminated, and heating control for maintaining the desired 
printhead operating temperature of printhead 32 is started. In 
addition, continuous communication With printhead 32 is 
started. 

[0060] At step S108, the temperatures of regions 32A, 
32B, and 32C are measured using temperature sensors 34A, 
34B, and 34C, respectively. 
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[0061] At step S110, BIW 72 is con?gured for applying 
non-nucleating heating to selected ink ejectors 58 of plural 
ity of ink ejectors of printhead 32. Con?guring BIW 72 
includes selecting the length of BIW 72 as the con?gurable 
length, and selecting from the con?gurable plurality of 
assertable bits 74 a number of assertable bits 74 to be 
asserted for providing a modulated non-nucleating heating 
of printhead 32. Depending upon the temperatures of the 
individual regions, e.g., regions 32A, 32B, and 32C, the 
number of assertable bits 74 asserted for providing the 
modulated NNH heating may be different, e.g., varies, as 
betWeen at least tWo arrays of ink ejectors, e. g., the cyan ink 
ejector array 42, magenta ink ejector array 50, and yelloW 
ink ejector array 46 corresponding to regions 32A, 32C, and 
32B, respectively. The respective temperature associated 
With each region is determined based a measured tempera 
ture corresponding to the region. Alternatively, hoWever, it 
is contemplated that the temperature may be based on 
estimated heating data for each region, for example, derived 
from print data for the document or image being printed. The 
con?guration of BIW 72 may take place at the factory, e.g., 
a set value implemented in softWare, ?rmWare, or hardWare. 
HoWever, in the present embodiment, BIW 72 may be 
con?gured by controller 22, for example, as shoWn in FIG. 
6. 

[0062] FIG. 6 depicts an implementation of a NNH den 
sity table 76 in hardWare, e.g., in an application speci?c 
integrated circuit (ASIC). NNH density table 76 typically 
may be con?gurable by ?rmware, but could be hard coded 
to save gates. NNH density table 76 has N+l entries, each 
of Which is N bits Wide, Where N is the Width of the binary 
intensity Word. For each region of NNH control, e.g., 
regions 32A, 32B, and 32C of printhead 32, a pointer into 
the entries of the table exists, such as cyan pointer 79A, 
magenta pointer 79B, and yelloW pointer 79C. These point 
ers are the registers that ?rmWare uses to control the 
intensity of heat applied to each NNH region by selecting the 
appropriate value for BIW 72 based upon temperature 
conditions of regions 32A, 32B, and 32C. The cycle index 
is shoWn to advance every PLOAD (parallel load of print 
data, e.g., for the next address 68 in address cycle 66). The 
occurrence of PLOAD during normal Printer to Printhead 
communication indicates an advance to the next address 68 
(e.g., group of jetting heaters 60.) 

[0063] Referring noW to FIG. 7, another implementation 
of step S110 in accordance an embodiment of the present 
invention is depicted, Wherein BIW 72 has a length of 7 
assertable bits. The implementation of FIG. 7 operates off of 
the same premise as that of FIG. 6, except that there is only 
a single table 78 entry for each of regions 32A, 32B, and 
32C. Each table 78 entry is considered as an intensity 
register for the region in question. In the embodiment of 
FIG. 7, the intensity information (Intensity Words for 
0-l00% in increments of l/N) is stored in ?rmWare, then 
chosen and Written to each individual intensity register 
based on the measured temperature data. 

[0064] At step S112, continuous communication With 
printhead 32 is established, including repeatedly sequen 
tially cycling through the plurality of addresses 68 of 
address cycle 66 for printing With printhead 32, and repeat 
edly applying BIW 72 for NNH heating in parallel to the 
repeated sequentially cycling through the plurality of 
addresses 68. 
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[0065] At step S114, a determination is made as to Whether 
the time since the last temperature measurement of regions 
32A, 32B, and 32C of printhead 32 has reached a predeter 
mined amount of time. In the present embodiment, the 
predetermined amount of time for the temperature control 
loop is 10 ms. 

[0066] At step S116, a determination is made as to Whether 
the print job is complete. If so, process How proceeds to step 
S1 18, otherWise, process How proceeds to step S112 to 
continue the print operation via the continuous communi 
cation With printhead 32. 

[0067] At step S118, if the print job is complete, the 
continuous printhead 32 communication is terminated, and 
the heating control loop for maintaining the desired print 
head operating temperature is terminated. 

[0068] In summary, an embodiment of the present inven 
tion employs intensity registers for each of the NNH Heating 
Regions (regions 32A, 32B, and 32C of printhead 32. 
Firmware Writes these intensity registers With patterns based 
on intensity information stored in ROM or RAM and the 
thermal control algorithm employed. The hardWare around 
these intensity registers contains a cycle index into these 
intensity Words, Which advances each printhead address 
cycle. The hardWare also contains the means for extracting 
the assertable bit from each intensity register pointed to by 
the cycle index and placing it in the printhead data stream in 
order to communicate the intensity information to the print 
head. The present invention thus alloWs for the NNH heating 
at any intensity to be applied uniformly to the printhead, 
increasing the life of the printhead, and achieving a more 
uniformly heated printhead. 

[0069] The foregoing description of several methods and 
an embodiment of the invention has been presented for 
purposes of illustration. It is not intended to be exhaustive or 
to limit the invention to the precise steps and/or forms 
disclosed, and obviously many modi?cations and variations 
are possible in light of the above teaching. It is intended that 
the scope of the invention be de?ned by the claims appended 
hereto. 

What is claimed is: 

1. A method for controlling a printhead for printing and 
maintaining a desired operating temperature of said print 
head during said printing, said printhead having a plurality 
of ink ejectors and a plurality of addresses employed for 
ejecting ink from said plurality of ink ejectors, Wherein each 
address of said plurality of addresses corresponds to a 
particular subset of said plurality of ink ejectors, compris 
mg: 

con?guring a binary intensity Word for applying non 
nucleating heating to selected ink ejectors of said 
plurality of ink ejectors of said printhead; 

repeatedly sequentially cycling through said plurality of 
addresses for said printing With said printhead; and 

repeatedly applying said binary intensity Word While 
performing said repeated sequentially cycling through 
said plurality of addresses. 
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2. The method of claim 1, Wherein: 

said binary intensity Word includes a con?gurable plural 
ity of assertable bits for modulating said non-nucleating 
heating from a minimum value to a maximum value; 
and 

Wherein said con?guring said binary intensity Word 
includes selecting from said con?gurable plurality of 
assertable bits a number of assertable bits to be asserted 
for providing a modulated non-nucleating heating of 
said printhead. 

3. The method of claim 2, Wherein: 

said plurality of ink ejectors includes a plurality of arrays 
of ink ejectors; and 

Wherein said number of assertable bits asserted for said 
modulated non-nucleating heating is different as 
betWeen at least tWo arrays of said plurality of arrays of 
ink ejectors. 

4. The method of claim 2, Wherein: 

said printhead includes a plurality of regions; and 

said number of assertable bits asserted for providing said 
modulated non-nucleating heating varies for each 
region of said plurality of regions in response to a 
respective temperature associated With said each 
region. 

5. The method of claim 4, Wherein said respective tem 
perature associated With said each region is determined 
based on at least one of a measured temperature correspond 
ing to said each region and estimated heating data for said 
each region. 

6. The method of claim 1, Wherein: 

said binary intensity Word includes a con?gurable length; 
and 

Wherein said con?guring said binary intensity Word 
includes selecting a length of said binary intensity Word 
as said con?gurable length. 

7. The method of claim 6, Wherein said length of said 
binary intensity Word is con?gured such that a number of 
assertable bits forming said binary intensity Word is different 
than a number of addresses forming said plurality of 
addresses. 

8. The method of claim 7, Wherein said number of 
assertable bits forming said binary intensity Word is different 
than said number of addresses forming said plurality of 
addresses by a value equal to one. 

9. The method of claim 7, Wherein said number of 
assertable bits forming said binary intensity Word is not a 
factor of said number of addresses forming said plurality of 
addresses and is not divisible by said number of addresses 
forming said plurality of addresses. 

10. The method of claim 1, Wherein said binary intensity 
Word is con?gured to apply said non-nucleating heating to a 
different address of said plurality of addresses for each 
successive cycling through said plurality of addresses. 

11. The method of claim 1, Wherein: 

said binary intensity Word includes a con?gurable length 
given by a con?gurable plurality of assertable bits for 
modulating said non-nucleating heating from a mini 
mum value to a maximum value; and 
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said con?guring said binary intensity Word includes: 

selecting a length of said binary intensity Word in the form 
of a total number of asser‘table bits de?ning said 
con?gurable plurality of asser‘table bits; and 

selecting from said con?gurable plurality of assertable 
bits a number of assertable bits to be asserted for 
providing a modulated non-nucleating heating of said 
printhead. 

12. The method of claim 1, Wherein: 

said printhead includes a plurality of regions; and 

said number of asser‘table bits asserted for providing said 
modulated non-nucleating heating varies for each 
region of said plurality of regions in response to a 
respective temperature associated With said each 
region. 

13. The method of claim 11, Wherein said binary intensity 
Word is con?gured to apply to a di?cerent address of said 
plurality of addresses for each successive cycling through 
said plurality of addresses. 

14. A method for maintaining a desired operating tem 
perature of a printhead during printing, said printhead hav 
ing a plurality of ink ejectors and a plurality of addresses 
employed for ejecting ink from said plurality of ink ej ectors, 
Wherein each address of said plurality of addresses corre 
sponds to a particular subset of said plurality of ink ej ectors, 
comprising 

establishing a con?gurable binary intensity Word for 
applying non-nucleating heating to selected ink ejec 
tors of said plurality of ink ejectors; 

cycling through said plurality of addresses for said print 
ing With said printhead; 

applying said binary intensity Word to said printhead in 
parallel With said cycling through said plurality of 
addresses; and 

modulating said non-nucleating heating by changing a 
numeric representation of said binary intensity Word. 

15. The method of claim 14, Wherein said binary intensity 
Word includes a con?gurable plurality of assertable bits, and 
Wherein said changing said numeric representation includes 
selecting from said con?gurable plurality of asser‘table bits 
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a number of assertable bits to be asserted for providing said 
non-nucleating heating of said printhead. 

16. The method of claim 15, Wherein said printhead 
includes a plurality of regions; and Wherein said number of 
assertable bits asserted for providing said modulated non 
nucleating heating varies for each region of said plurality of 
regions in response to a respective temperature associated 
With said each region. 

17. The method of claim 16, Wherein said respective 
temperature associated With said each region is determined 
based on at least one of a measured temperature correspond 
ing to said each region and estimated heating data for said 
each region. 

18. A method for maintaining a desired operating tem 
perature of a printhead during printing, said printhead hav 
ing a plurality of ink ejectors and a plurality of addresses 
employed for ejecting ink from said plurality of ink ejectors, 
Wherein each address of said plurality of addresses corre 
sponds to a particular subset of said plurality of ink ejectors, 
comprising 

establishing a con?gurable binary intensity Word for 
applying non-nucleating heating to selected ink ejec 
tors of said plurality of ink ejectors; 

cycling through said plurality of addresses for said print 
ing With said printhead; and 

applying said binary intensity Word to said printhead in 
parallel With said cycling through said plurality of 
addresses, 

Wherein said binary intensity Word is con?gured to apply 
said non-nucleating heating to a di?cerent address of 
said plurality of addresses While cycling through said 
plurality of addresses. 

19. The method of claim 18, Wherein said binary intensity 
Word includes a con?gurable length; and Wherein said 
binary intensity Word is con?gured to apply said non 
nucleating heating by selecting a length of said binary 
intensity Word. 

20. The method of claim 18, Wherein a number of bits 
forming said binary intensity Word is di?cerent than said 
number of addresses forming said plurality of addresses. 

* * * * * 


